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rial conprising tiie fixing anchor and reinforcing sheet. 
Ther^y, the reinforcing member can be joined via tiie 
fixing anchor to tiie concrete members. Therefore, it is 
possible to securely join ttie edges of tiie reinforcing 
member, and reliably exert the reinforcing effects on tiie 
concrete member. 



(54) STRUCTURE FOR REINFORCING CONCRETE MEIMBER AND REINFORCING METHOD 

(57) In the structure for reinforcing a concrete mem- 
ber and the reinforcing method of tfie present Invention, 
a reinforcing sheet is arranged and joined to a various 
kinds of concrete member, such as column, beam, wall, 
floor, and the like, t>y applying the reinforcing sheet to 
the surface of the concrete member and attaching to the 
fixing anchors joined to the concrete member or the 
other concrete member surrounding the concrete mem- 
ber. The fixing anchor conprfees a large amount of rein- 
forcing fiber, and Is obtained by bundling a part of ttie 
reinforcing fiber. The ur*>undled portion of tiie fixing 
anchor is spread along the surface of ttie concrete 
member. The reinforcing sheet is overlapped to the 
unbundled portion using resin adhesives. In addition, 
reinforcing ffoers, such as cart)on fiber, aramid fiber, 
glass f foer, and the like are preferably used as tiie mate- 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a structure 
for r^nfordng a concrete member and a reirrfordng 
method which are suitable for reinforcing various con- 
crete members. 

BACKGROUND ART 

[0002] As one conventional method for reinforcing a 
concrete member having a reinforced concrete struc- 
ture or a steel framed reinforced concrete structure, 
such as a column, beam, bent and stack, there is a 
method in which a reinforcing sheet made of reifordng 
f foers, such as carbon fibers, aramid fibers, glass foyers, 
or the like is arranged and attached on the surfoce of the 
conaete member. In this method, in order to reinforce 
the concrete member against bending stress applied 
thereto, the reinfordng sheet is ananged and attached 
along the concrete member. In order to reinforce the 
concrete member against shearing stress applied 
thereto, the reinfordng sheet is ananged and attached 
so as to wrap around the concrete member. 
[0003] In order to stably fix the reinfordng sheet 
onto the surface of the concrete member, an adhesive is 
often used, l-lowever. when the reinfordng sheet is 
merely attached to the concrete memt>er using an adhe- 
sive and the reinforcing sheet (In particular, the edges 
thereof) peels from the surfece of the concrete member 
due to any reasons, the reinforcing sheet cannot suffi- 
ciently exert its reinfordng effects. Therefore, the edges 
of the reinforcing sheet are reliat)ly joined to the con- 
crete member by joining the edges of the reinfordng 
sheet using an anchor hammered and joined into the 
concrete member and a steel plate. 
[0004] However, the structure for reinforcing a con- 
crete member and the reinforcing method using the 
reinforcing sheet have the following problems. Hammer- 
ing the anchor for joining the edges of the reinfordng 
sheet using an anchor and steel plate requires a great 
deal of time. In addition, the anchor made of steel has a 
large diameter. Therefore, when the reinfordng sheet is 
joined in existing building, there are problen^ such as 
noise and vibration occur due to the anchor hammering 
under constructions. Moreover, the head portions of the 
anchors or the fitting members for the steel plates pro- 
trude from the surface of the concrete member. There- 
fore, when fadngs such as fadng panel are joined, it is 
necessary to make and keep a dearance between the 
surface of the concrete member and the top portion of 
the anchor or the fitting members using brackets or the 
like, in order to avoid the top portion of the anchor or fit- 
ting members. The execution of this work requires a 
great deal of time. 

[0005] Moreover, when the planar concrete mem- 
bers, such as a wall, floor, and the like are desired to be 



reinforced with the reinforcing sheet, it Is impossible to 
wrap the concrete menders similar to columns and 
beams. When the columns or the beams are integrated 
with the wan or the slab, the reinfordng sheet also can- 
5 not be wraped around the columns or the t>eams. In 
these cases, the edges of the reinfordng sheet should 
be more reliably joined. Therefore, in these cases, the 
problems are stgnricant 

[0006] In order to solve the prot>lems, a method in 
10 which the slits 3 are formed in the wall (beam, floor, or 
the like) 2 joined with the column (or beam) 1 . and the 
reinforcing sheet 4 is wrapped around the column 1 by 
passing the reinforcing sheet 4 through the slits 3, can 
be expected. Then, the slits 3 are filled with a resin 8, a 
15 mortar, or the like after passing the reinfordng sheet 4 
through the slits 3. 

[0007] In the structure obtained by this method, the 
slits 3 are filled with resin or mortar; however, the rein- 
fordng sheet 4 made of a combustible material is 

20 uncovered at both surfaces of the wall 2. Therefore, the 
fire protecting performance of this structure must be 
improved by covering the bare reinfordng sheet 4 at at 
least one surface of the wall 2 vinth a covering portion 9 
formed by coating with a non-combustible material such 

25 as mortar, and the like. 

[0008] However, the coating of the non-combustible 
material for forming the covering portion 9 requires a 
great deal of time and great esqiensa In addition, the 
covering portion 9 protrudes from the surface of the wall 

30 2. Therefore, when facings such as fadng panel are 
joined, it is necessary to make and maintain a clearance 
between the wall and the covering portion 9 using 
brackets or the like. The problem that the finished size of 
the structure increases arises. 

35 [0009] There is a reinforcing method In which a wall 
of existing building is reinforced, and whereby the proof 
stress of existing buikiing is increased, as a method for 
inproving the earthquake resistance of existing building 
having a reinforced concrete structure. Specifically, con- 

40 Crete Is coated on the surface of the wall, a steel pfate is 
attached to the surface of the wall, or a reinforcing unit 
comprising a brace made of steel is arranged between 
the beam and the column positioned at the edges of the 
wail. 

45 [0010] However, these reinfordng methods have 
the problems that they must be executed on a large 
scale, and long construction periods and great expense 
cost, are required. In addition, in the reinfordng method 
in which the steel plate and the reinforcing unit are 

so used, these materials are heavy; therefore, these mate- 
rials impose txjrdens on workers. Moreover, a jack is 
necessary and the problem of increasing the cost for 
equipment arises. Furthermore, welding at the con- 
struction site is necessary. The welding is accompanied 

55 by noise; therefore, the construction cannot be executed 
while the building in use. 

[0011] In addition, the reinforced wall becomes 
thicker compared with the wall before the reinforcement; 
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therefore, Ihe roan space becomes smaDer. The mate- 
rials used for reinforcing are heavy; therefore, it nec- 
essary to consrcS^ problems due to the weight increase 
while the building is being reinforced. Consequently, 
these reinforcing methods have problems such as being 5 
inefficient. 

DISCLOSURE OF INVENTION 

[0012] A struc^re for reinforcing a concrete mem- 10 
ber according to Claim 1 is the structure for reinforcing 
the concrete meni>er characterized in that 

a fixing anchor which conpris^ a plurality of rein- 
forcing fbers such as carbon fibers, aramid fibers, is 
glass f ibers, and the lil^, and a part of which is bun- 
dled in the longitudinal direction, is arranged and 
joined so that at least the bundled portion is joined 
to the concrete member or the other concrete mem- 
ber surrounding the conaete mender, and the 20 
untxjndled portion is spread along the surface of 
the concrete member; and 
a reinforcing member in the form of a plate or sheet 
is joined to the concrete memt>er, via the fixing 
anchor by arranging and attaching to the concrete 25 
member, and superposing and joira'ng at least the 
edges of the reinforcing member to the unbundled 
portion of the fixing anchor. 

[0013] According to the structure for reinforcing a so 
concrete member, the edges of the reinforcing member 

ora OATH trotUr if^r\ar4 4Ka if*%^pvJf%^sm S^mmmm 

the r^nfordng meniber to the concrete member, via the 
fixing anchor. The peeling of the edges of the reinforcing 
member can be prevented. It is possble to exert reliably 35 
reinforcing effects in the concrete member. Moreover, 
under a reinforcing constructfon, forming recesses for 
attaching the bundled portion of the fixing anchors is 
only source of the noise and vibration. And the holes 
have a smaller diameter than the diamet^ of the con- 40 
ventfonal anchors made of steel. It is possible to mini- 
mze the noise and the vforation. Therefore, it remains 
possible to easily adopt the structure for reinforcing a 
concrete member to existing buildings. There is no pro- 
trusion at the surface of the reinforcing member. Rxing 45 
the facings does not require a great deal of time. 
[0014] A structure for reinfordng a concrete mem- 
ber according to Claim 2 is the structure for reinforcing 
a concrete member according to Claim 1 , characterized 
in that said reinforcing member is in the form of a sheet so 
and conprises reinforcing f bers such as cartx)n fibers, 
aramid fibers, glass fibers, and the like. The reinforcing 
member has sufficisnt strength, and nsvsrthsfsss it is 
light. Handling the reinforcing member is easy under a 
reinforcing construction. Easy handling decreases the ss 
labor inposed on the workers. Moreover, heavy 
machineries like cranes are not necessary; therefore, 
the construction can be smoothly performed even inside 




of existing building and the like. 
[9015] A structure for reinforcing a concrete mem- 
ber according to Claim 3 is the structure for rdnforcing 
a conaete mentber according to Claim 1 or 2, charac- 
terized in ^at said fixing anchor is arranged inade the 
recess formed in the concrete member and the recess 
is fined with a hardening filler When the fixing anchor is 
arranged inside the recess formed in the concrete mem- 
t>er, and the recess is filled with a hardening f Oler. the 
fixing anchcr is not exposed and does not protrude from 
the surface of the conaete member. When facings are 
arranged on the surface of the conaete member, the 
finished size of the conaete member does not become 
larger. The arranging of the facing does not require 
nrruch time. Moreov^, the recess is fOled witii the hard- 
ening filler, and tiierefore, the fixing ancha Is not 
exposed outside. Even when the fixing anchor is made 
of combustible mataials, the fire protecting perform- 
ance can be inproved. 

P)016] A structure for reinforcing a oona^ mem- 
ber according to Claim 4 is the structure for reinforcing 
a conaete member according to one of Claims 1 to 3. 
characterized in that a fbdng ranforcing member is 
superposed and attached to the reinforcing memt>er so 
as to be located perpendicularly to the continuous direc- 
tion of the reinforcing member where the reinforcing 
member and the erd portion of the fixing anchor are 
superposed. Thereby, the fixing strength at where the 
reinforcing member and the fixing anchor are super- 
posed, is further improved. Therefore, it Is possible to 
join securely the reinforcing member to the conaete 

[0017] A structure for reinforcing a conaete mem- 
ber according to Claim 5 is the structure for reinforcing 
a conaete member according to one of Claims 1 to 4, 
diaracterized in that said reinforcing member is 
anranged and joined atong longitudinal direction. 
Theret>y, it is possible to reinforce the conaete mem- 
bers such as a column and beam against bending 
stress applied thereto. 

[0018] A structure fa reinforcing a conaete mem- 
ber according to Claim 6 is the structure for reinforcing 
a conaete mender according to one of Claims 1 to 4, 
characterized in that said reinfordng member is 
arranged and joined along the circumferential direction 
of the conaete member. Thereby, it is possible to rein- 
force the concrete members such as a column and 
beam against shearing stress applied tiiereto. 
[0019] A structure fa reinforcing a conaete mem- 
ber accorcGng to Claim 7 is the structure for reinforcing 
a conaete member according to one of Claims 1 to 4, 
characterized in that said reinforcing member is 
arrange and join^ along the conaete member in the 
form of a plane a cunred surface. Thereby, it is possible 
to improve the ductility and proof stress of tine conaete 
member in the form of a plane or curved surface against 
bending stress or shearing stress applied tiiereto. for 
exanple, it is also possible to prevent tiie occurrence of 
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cracks at the curved surface of iliSncrete member such 
as a tunnel linings. In addition, even when the reinforc- 
ir^ member is arranged and joined on only one surface 
of the concrete member, sufficient reinforcing effects 
can be obtained. Therefore, it is possible to exert its 5 
reinforcing effects in memt>ers which have been drfficutt 
to reinforce, such as an elevator shaft exterior wall, 
staircase, and the Gke. 

[0020] A structure for reinforcing a concrete mem- 
t>er according to Claim 8 is the structure for reinforcing 10 
a concrete member according to one of Claims 1 to 4, 
characterized in that said reinforcing memt)er com- 
prises reinforcing fbers aligned in a giv^ direction, and 
is joined to the surface of the concrete member so that 
the reinfbrdng fibers are aligned at an angle to the con- is 
Crete member. When the reinforcing fibers comprising 
the reinforcing sheet are aligned at some given angle to 
the concrete member, the reinforcing sheet exerts func- 
tions similar to the functions of a brace. Ductility and 
proof stress against bending stress or shearing stress 20 
applied to the concrete member In the form of a plane or 
curved surface, such as a floor, wall, and the like, can be 
improved. Therefore, the earthquake resistance of 
buildings can be improved. In addition, even when the 
reinforcing sheet is arranged and joined on only one 25 
surges of the concrete member, sufficient effects can 
be obtained. Therefore, it is possible to reinforce In the 
members which have been difficult to reinforce, such as 
an elevator shaft, exterior wall, staircase, and the like. 
[0021] A reinforcing method of a concrete member 30 
according to Claim 9 comprising the steps of: joining a 
fixing anchor comprising a plurality of reinforcing fibers, 
such as cafbon fibers, aramid fibers, glass fibers, and 
the like in a hole or recess formed in the concrete mem- 
ber or the other concrete member surrounding the con- 3s 
Crete member, while arranging and attaching a 
reinfordng mender in the form of a plate or a sheet on 
the surface of the concrete member, and superposing 
and joining the edges of the reinforcing member to the 
end portion of the fixing anchor. According to the rein- 40 
forcing method, it is possible to join the reinforcing 
member, via the fixing anchor to the sun-ounding con- 
crete members. The reinforcing method can provide the 
structure for reinforcing a concrete member according 
to Claim 1 . In addition, it is also possible to prevent tiie 45 
peeling of tiie edges of the reinforcing member, and to 
ex^ reliably reinforcing effects in the conaete member. 
During the hole for the fixing anchor is the only source 
of tiie noise and the vibration, and also tiie holes are 
smaller than those of the conventional steel anchors, we so 
can minimize tiie construction noise and vibration. 
Therefore, tiie reinforcing method can fc>e easily adopted 
easily to existing buildings. There remains no protrusion 
at tfie surface of tiie reinforced member. Fixing tiie fac- 
ings does not require significant time. ^ 
[0022] A reinforcing method according to Claim 10 
is tiie reinforcing mettiod according to Claim 9. charac- 
terized in that a part of the fixing anchor Is embedded in 



a recess by forming tiie recess at tiie surface of the con- 
aete member, arranging tiie part of tiie fixing anchor in 
tiie recess, and filling tiie recess with a hardening fOler. 
The reinforcing metiiod can provide the structure for 
reinforcing a concrete member according to Claim 3. 
The finished size of tiie concrete member does not 
increase. This reinforcing metiiod does not require sig- 
nificant time. Even when the fixing anchor made of 
combustible materials, tiie fire protecting performance 
can t>e Improved, because the fixing anchor does not 
expc^e outside. 

[0023] A reinforcing metiiod according to Claim 1 1 
is the reinforcing metiiod according to Claim 9 or 10. 
characterized in that a part of bundles of reinforcing fib- 
ers in ttie longitudinal direction is bundled and joined as 
said fixing anchor by inserting a part of bundles of rein- 
forcing fibers into the hole or recess, and filling tiie hole 
or recess with a hardening fnier. According to the rein- 
forcing metiiod according to Claim 11. it is not neces- 
sary to previously make tiie fixing anchor comprising 
bundles of reinforcing ffoers; tiierefore. a low^ cost can 
be achieved. In addition, the number or length of the 
reinforcing fibers can also be easily changed in con- 
struction site; therefore, tiie reinforcing construction can 
l>e easily performed. 

BRIEF DESCRIPTION OF THE Df^WINQS 
[0024] 

Rg. 1 shows the first example of tiie structure for 
reinforcing a concrete member and tiie reinforcing 
metiiod according to the present invention, and is a 
longitudinal sectional view showing a reinforced 
column and beam using the reinforcing sheet. 
Rg. 2 is a plane cross-sectional view and a fongitu- 
dinal sectional view showing tiie column and beam 
which are joined to tiie reinforcing sheet 
Rg. 3 is an outside view showing the fixing anchor 
used for joining the reinforcing sheet. 
Rg. 4 is a plane cross-sectional view and a longitu- 
dinal sectional view showing tiie oflier examples of 
tiie joining structure in wrhich the fixing anchor is 
joined to tiie column and ttie beam 
Rg. 5 is an outside view showing ttie otiier exanrple 
of the fixing anchor. 

Rg. 6 is a sectional view showing the other exam- 
ples f the joining structure in which the fixing anchor 
is joined to tiie column and the beam. 
Rg. 7 shows ttie second example of the structure 
for reinforcing a concrete member and tiie reinforc- 
ing method according to the present invention, and 
is a longitudinal sectional view showing a reinforced 
beam using the reinforcing sheet 
Rg. 8 shows the tiiird example of the sti-ucture for 
reinforcing a concrete member and tiie reinforcing 
metiiod according to tiie present invention, and is a 
longitudinal sectional view showing a reinforced 
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column using the reinforcing sheet 

Rg. 9 shows the fourth example of the structure for 

reinforcing a concrete men^r and the reinforcing 

method according to the present invention, and is a 

longitucfinal sectional view showing a reinforced 

beam joined with the floor using the reinforcing 

sheet. 

Fig. 1 0 shows the other fourth exanple of the struc- 
ture for reinforcing a concrete member and the rein- 
forcing method according to the present invention, 
and is a longitudinal sectional view showing a rein- 
forced beam joined with the floor using the reinforc- 
ing sheet 

Rg. 1 1 shows the fifth example of the structure for 
reinforcing a concrete merrfoer and the reinforcing 
method according to the present invention, and is a 
longitudinal secb'onal view showing a reinforced 
wall using the ranfordng sheet 
Rg. 12 is a view showing the process for joining the 
reinforcing sheet 

Rg. 1 3 stwws the sixth example of the structure for 
reinforcing a concrete menrfoer and the reinforcing 
method according to the present invention, and is a 
longitudinal sectional view showing a reinforced 
wall using the reinforcing sheet 
Rg. 14 shows the seventh example of the structure 
for reinforcing a concrete member and the reinforc- 
ing method according to the present invention, and 
is a longitudinal sectional view showing a reinforced 
floor using the reinforcing sheet 
Rg. 1 5 shows the other sixth example of the struc- 

— . - •>-• • W....W. .... ^ WW. w ...w..«»w. .w.w w.w .w... 

forcing method according to the present invention, 
and is a longitudinal sectional view showing a rein- 
forced wall using the reinforcing sheet. 
Rg. 16 shows the eighth example of the structure 
for reinforcing a concrete mender and the reinforc- 
ing method according to the present invention, and 
is a longitudinal sectional view showing a reinforced 
wall using the reinforcing sheet 
Rg. 1 7 shows the ninth example of the structure for 
reinforcing a concrete member and the reinforcing 
method according to the present invention, and is a 
longitudinal sectional view showing a reinforced 
floor using the reinforcing sheet 
Rg. 1 8 shows the other eighth example of the struc- 
ture for reinforcing a concrete member and the rein- 
forcing method according to the present invention, 
and is a longitudinal sectional view showing a rein- 
forced f foor using the reinforcing sheet. 
Rg. 19 is an outside view showing the other fixing 
anchor, 

Rg. 20 is 3 view shcvving the applicat'cn examples 
of the sectional shape of the fixing anchor. 
Rg. 21 is an outside view showing the other exam- 
ples of the bundled portion of the fixing anchor. 
Rg. 22 is an outside view showing the other exam- 
ple of the process for joining the bundled portion of 



the fixing anchor. 

Rg. 23 is a plan secGoral view and a longitudinal 
sectional view which show the other example of the 
joined structure in which the fixing anchor is joined 

5 to the column and the beam. 

Rg. 24 is an outside view showing the other exam- 
ples of the bundled portion of the fixing anchor. 
Pig. 25 is a view shoviring the other example of the 
fixing anchor, and is a longitudinal sectfonal view 

10 showing the fixing anchor comprising bundles of 
the reinforcing fibers which are not bundled 
inserted and joined into a hole. 
Rg. 26 is a view showing the processes tor joining 
the fixing anchor as shown in Rg. 25. 

IS Rg. 27 is a view showing the application example of 
a spreading manner of the fixing anchor. 
Rg. 28 is a view showing the other fixing anchor, 
and is a view showing the processes of joining the 
fixing anchor. 

20 Rg. 29 is a view showing a pull-out test of the fixing 
anchor. 

Rg. 30 is a sectional view showing a conventional 
structure for reinforcing a concrete member. 

^ MODES FOR CARRYING OUT THE INVENTION 

[0025] Hereinbelow, examples of the present inven- 
tion will be explained with reference to Rgires. 

30 TRrst example: Shearing Reinforcement of a column 
and beany 

10026] Hereinbelow, the structure for reinforcing a 
concrete menfoer and the reinforcing method of the 

35 present invention will be explained with ref^ence to the 
examples in which the structure and the reinforcing 
method are adopted to columns and beams. 
[0027] Rgure 1 shows a part of the structure having 
a reinforced concrete structure or a steel framed rein- 

40 forced concrete structure. In this figure, reference 
numeral 10 denotes a column (fc>eing a concrete menv 
ber). reference numeral 11 denotes a beam (being a 
concrete member), reference numeral 12 denotes a 
floor formed on the beam 1 1 , and reference numeral 1 3 

45 denotes a wall. 

[0028] As shown m Rgure 1 , the column 10 is inte- 
grally joined to the wall 13. On the top surface of the 
beam 1 1 , the floor 12 is integrally formed. 
[0029] In order to reinforce the column 10 and the 

so beam 1 1 against shearing stress, reinforcing sheets CI 
and 02 are arranged and joined to the column 10 and 
the beam 11. These reinforcing sheets (reinforcing 
menders) 01 and 02 comprise reinforcing fibers such 
as cartx>n fibers, aramid fbers. glass fibers, and the 

55 like. In order to obtain the reinforcing effects in the cir- 
cumferential direction of the column 10 and the beam 
11, the fiber alignment direction (corresponding to the 
weaving direction when the reinforcing fibers are in the 
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form of a doth) is set 
[0030] As shown in Figure 2(a). the reinforcing 
sheet CI is ananged and joined to the one ^de and the 
other side of the walls 13 and 13 integraDy joined with 
the column 10. Moreover, the reinforcing sheet CI 
arranged and attached so as to wrap the three sides of 
the column 10. and both edges thereof are joined using 
the fixing anchors D1 at the corner of the column 10 and 
thewalM3. 

[0031 ] In addition, as shown in Rgure 2(b), the rein- 
forcing sheet C2 is arranged and attached to the beam 
11 so as to wrap both sides and the under side of the 
beam 11. Both edges of the reinforcing sheet C2 are 
jdned using the fixing anchors D1 at the comer off the 
beam 1 1 and the floor 12. 

[0032] As shown in Rgure 3. the fixing anchor D1 
conprises a large number of rdnfordng fibers f, such as 
cartx>n fibers, aramid fbers. glass fibers, and the like, 
and is obtained, for example, by bundling the reinfordng 
fibers at a bundled portion 15 on the proximal end part 
side using an adhesive or resin, for example. TTie rein- 
fordng fibers f are not bundled on the distal end part 
side. As shown in Rgures 2(a) and 2(b). the fixing 
anchor D1 is joined to the column 10 and the beam 1 1 
by inserting the bundled portion 15 into a hde (not 
shown in these figures) fonned in the column 10 and the 
beam 1 1 and filling the hole (not shown in these figures) 
with a hardening filler. 

[0033] As shown in Rgure 1 . the reinfordng f foers f 
in the distal end part which are joined in the above 
manner, are spread along the surface of the column 10 
and beam 11. The reinfordng sheets CI and C2 cover 
the reinfordng fibers f at the distal end part Then, the 
fixing anchors D1 and the reinfordng sheets CI and C2 
are attached with an adhesive. 
[0034] Moreover, fixing reinfordng members 20A 
and 20B are further superposed and attached on the 
reinfordng sheets CI and 02 at the portion where the 
reinforcing fibers f at the distal end part of the fixing 
anchor D1 and the reinfordng sheet CI and C2 are 
superposed. These fixing reinfordng memt>ers 20Aand 
208 are made of material similar to the reinfordng sheet 
CI and C2, and have a directionality by which the rein- 
fordng effects against the direction perpendicular to the 
reinforcing direction of the reinfordng sheet CI and C2 
can be obtained. 

[0035] Both edges of the reinfordng sheets CI and 
02 that are continuous around the column 10 and the 
beam 1 1 are joined at the column 10. the beam 1 1, or 
the vidnity of the column 10 or the beam 1 1 . via the fix- 
ing anchor D1. Moreover, both edges of the reinfordng 
sheets 01 and 02 are reinforced by fixing reinfordng 
memt)ers 20A and 20B. 

[0036] As explained above, the reinfordng sheets 
01 and C2 having rdnfordng effects in the circumferen- 
tial direction of the column 1 0 and the beam 1 1 is joined 
to the column 10 and the beam 11 by attaching both 
edges of the reinfordng sheets 01 and 02 to the fixing 



anchor D1 attached to the column 10 and the beam 1 1 . 
Furthernx>re. the fixing reinfacing memt>ers 20A and 
20B are superposed and attached to the reinforcing 
sheets 01 and 02. That is, both edges of the reinfordng 

5 sheets 01 and 02 are securely Joined to the column 10 
and the beam 1 1 by joining the rdnfordng sheet 01 and 
02 with the fixing anchor D1. The peeling of the edges 
of reinfordng sheets 01 ad C2 can be prevented. 
Therefore, it is possible to exert reliably reinfordng 

w effects in the column 1 0 and the beam 1 1 against shear- 
ing stress applied thereta 

[P037] In addition, during the execution, drilling the 
hdd is the only source of the noise and the vibration, 
and the diameter of the hole is smaller than the diame- 

15 ter of the ordinary steel anchoring. It is possible to min- 
imize the noise and the vforatloa Therefore, it is 
possble to adopt easily the structure for reinfordng the 
concrete merrber and the reinfordng method to existing 
buildings. In addition, there remains no protrusfon at the 

20 surfoce of the reinfordng sheet 01. When fadngs are 
arranged and joined onto the reinfordng sheet 01. fix- 
ing the facings does not require significant time. 
[0038] Furthermore, the reinforcing sheet 01 and 
02 Is made of reinfordng fibers, and has suffldent 

25 strength, and nevertheless it is light Handling the rein- 
forcing sheet 01 and 02 is easy. Easy handling 
decreases the labor inposed on the woricers. Moreover, 
heavy machineries like cranes are not necessary; there- 
fore, the construction can be smoothly performed even 

30 inside of existing building and the like. 

[0039] Moreover, in this example, the structure in 
which the bundled portion 15 of the fixing anchor D1 is 
jdned perpendicularly to the column 10 and the beam 
1 1 was explained. However, the angle between the bun- 

35 died portion 1 5 of the fixing anchor D1 and the column 
10 and the beam 1 1 is not limited. It is possible to adqst 
suitable angles other than perpencScular angle. For 
example, as shown in Rgures 4(a) and 4(b). the bun- 
dled portion 15 may be joined so as to be obliquely dis- 

40 posed on the column 10 and the beam 1 1 . Moreover, as 
shown in Figures 4(c) and 4(d), the bundled portion 15 
may be joined to the floor 12 fixed to the beam 1 1 or the 
wall 1 3 fixed to the column 10. 
[0040] In addition, as shown in Rgure 4(e), the rein- 

45 fordng sheets 01 and 01 at both sides of the column 1 0 
may be attached each other using the fixing anchors 
Dr. As shown in Rgure 4(f), the reinfordng sheet 02 at 
the under surtece of the beam 1 1 and the reinforcing 
sheet 03 at the upper suriace of the beam 1 1 may be 

50 attached to each other using the fixing anchors D1 . As 
shown in Rgure 5, the using fixing anchor DV is made 
of a large amount of reinforcing fiber t TTie using fixing 
anchor D1 comprises a bundled portion 16 having a 
given length at the intermediate portion in the longitudi- 

55 nal direction, which is formed by bundling the rdnforcing 
ftoers f using an adhesive, resin, or the like. From the 
both ends to the bundled portion 16 are free of bundles. 
As shown In Rgures 4(e) and 4(f). the used fixing 
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anchor D1* is joined to the waD 13 or the floor 12 by 
ir^erting the bundled portion 16 into the hole (not 
shown in Figures) formed in the wall 13 or the floor 12, 
and filling the hole (not shown in Rgures) with an adhe- 
sive and the like. Then, the reinforcing fiber f at both 
sides of the bundled portion 16 of the fodng anchor D1' 
are spread along the side surfaces of the column 1 0 and 
the beam 1 1 and the upper suiiace of the fbor 12. The 
reinforcing sheets CI , CI , C2, and C3 are applied onto 
the reinforcing fibers f, and attached each other using 
£ui adheave and the like. 

[0041] As shown in Rgure 4(g), the fixing anchor 
or may be joined using a bolt and the lil®. in this case, 
the fixing anchor D1" comprising a saew portion 17a, 
formed at the end of the bundled portion 15, is used. 
The fixing anchor Dr is securely joined by extruding 
the saew portion 1 7a from the upp^ surface of the floor 
1 2, and driving nut 1 7b in the screw portion 1 7a. 
[0042] As shown in Rgure 4(h). the fixing anchor 
D2 comprising bundled reinforcing fibers f may be 
arranged and attached so as to shape an inverse U 
shape. Then, the drcumference of the beam 1 1 may be 
wrapped with the fixing anchor D2 and the reinforcing 
sheet C2. The fixing anchor D2 and the reinforcing 
sheet C2 are attached each other using an adhesive 
and the like. 

[0043] As shown in Rgure 6(a), the structure in 
which a penetrating hole 18 extending one side, upper 
surface, and the other side of the beam 1 1 is formed, 
and the fixing anchor D2 is joined through the penetrate 
hole 18, can be adopted. 

■ — — ..w.. «'\-'/f — 

Structure in wliich an inclined surface 19 is formed by 
pHing mortar and the like at the corner of the column 10 
orthebeam 11 and the wall 13 or the floor 12 which are 
joined to the column 10 or the beam 1 1 , the reinforcing 
sheet CI and C2 are wrapped around the column 10 or 
the beam 1 1, and the reinforcing sheet CI and C2 are 
joined using the fixing anchor D2 can be adopted. In this 
structure, it is possble to prevent the sharp t>ending of 
the reinforcing sheet CI and C2 at the comer portions. 
Therefore, it is also possible to prevent the concentra- 
tion of stress on the reinforcing sheets CI and C2 at the 
comer of the column 10 or the beam 1 1 . Moreover, the 
comer of the column 10, the beam 1 1 , or the like may be 
chamfered. 

TSeoond example: Bending reinforcement of a beamJ 

[0045] As shown in Rgure 7, in order to reinforce 
the beam 1 1 against bending stress applied thereto, the 
reinforcing sheet (reinfordng member) C4 is attached to 
the under surface of the beam 1 1 . The rdnfcrdng sheet 
C4 comprises reinforcing fibers, such as cart)on fibers, 
aramid fibers, glass fibers, and the like. The fiber direc- 
tion (corresponding to the weaving direction when the 
reinforcing fibers are in the form of a cloth) of the rein- 
forcing sheet C4 is set to the beam direction so that 



reinforcing effects in the tongitudinal direction. 
[0046] Both edges of the reinfordng sheet C4 are 
joined by the fixing anchors D3. As shown in Rgure 3, 
the fixing anchor D3 comprtees a large amount of r^n* 

5 fbrdng f bars f. such carbon f ber. aramid fiber, glass 
fiber, and the like, and is obtained by bundling the reinr 
fordng fbers at a bundled portion 15 on the proximal 
end part side using an acSiesive or resin, for example. 
The reinfordng fiber f are not bundled on the distal end 

10 part side. As shown in Rgure 7, the fixing anchors D3 
are jdned to the columns 10 by inserting the t)undied 
portion 1 5 into the hdes (not shown in figure) formed in 
the columns 10 and 10 which are located at Mth ends 
of the beam 11. and filling the holes with an adhesive 

IS and the like. The bundled portion 1 5 of the fixing anchor 
D3 may be obliquely joined to the column 10, as shown 
on the left side of Rgure 7. Moreover, the bundled por- 
tion 15 of the f ixing anchor D3 may be perpendicularly 
joined to the column 10, as shown on the right side of 

20 Figure 7. Furthermore, the t)undled portion 15 may be 
joined to the under surface or the side surfaces of the 
beam 11 atthe ends of the beam 11. 
[0047] The reinfordng fibers f in the distal end part 
of the fixing anchors D3 joined in the above manner, are 

25 spread along the under surface of the beam 11. the 
reinforcing sheet C4 covers the reinforcing fibers f. 
Then, these fixing anchors D3 and the reinfordng sheet 
C4 are over-lapped with an adhesive. 
[0048] Moreover, fixing reinfordng members 21 are 

30 further superposed and attached at the portions where 
the reinforcing fiber f at the distal end part of the fixing 
srjchcr 03 srid the reirfcrdng shest 04 sre eiir^^r- 
posed. Tltis fixing reinfordng member 21 is made of 
material similar to the reinfordng sheet C4. and is 

35 applied perpendiqular to the reinfordng direction of ttie 
reinforcing sheet C4. Reinfordng menrtber 21 Is applied 
U shaped from side to side. 

[Q049] Moreover, in order to further reinforce the 
beam 1 1 , the reinfordng sheet C5 is attached to the 
40 floor 12 at the position con-esponding to the upper sur- 
face of the beam 11. 

[0050] Both edges of the reinfordng sheet 04 are 
jdned to the t>eam 11, via the fixing anchors D3. Fur- 
thermore, the joint between both edges of the reinfbrc- 
45 ing sheet C4 and the beam 1 1 is reinforced by the fixing 
reinfordng members 21 . 

[0051 ] As explained above, the reinfordng sheet C4 
extending along the axis direction of the beam 1 1 is 
arranged approximately over the entire length of the 

50 under surface of the beam 11. Both edges of the rein- 
fordng sheet C4 are jdned. via the fixing anchors D3 
comprising a large amount of reinforcing fiber f . Further- 
iw\rA^ the fixing resnfcrcing merr«!!}srs 21 are si^er- 
posed and attached to both edges of the reinfordng 

55 sheet 04. Thereby, it is possOble to securely join the 
reinfordng sheet C4. in particular. t>oth edges of the 
reinfordng sheet 04. The peeling of the edges of the 
reinfordng sheet 04 can be prevented. Therefore, it is 
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also possible to exert reliably r^lRbrcing effects In the 
beam 1 1 agair^ bending stress applied tfiereto. 
[0052] In addition, during the execution, the only 
source of the noise and the vibration is the drilfing the 
hole, and also the diameter of the hole is smafler than s 
the diameter of the ordinary anchors, it Is possible to 
minimize the construction noise and the vibration. 
Therefore, it Is possible to adopt easily the structure for 
reinforcing a beam and the reinforcing method to exist- 
ing txjildings. In addition, there remains no protrusion at io 
the surface of the reinforcing sheet C4. When facings 
are arranged and joined onto the reinforcing sheet C4. 
fixing the facings does not require significant time. 

rjhird example: Bending reinforcement of a columnJ is 

[0053] As shown in Rgure 8, in order to reinforce 
the column 10 agair^ bending stress applied thereto, 
the reinforcing sheets C6 comprising reinforcing fibers, 
such as catt>on fibers, aramid fibers, glass fibers, and 20 
the like are respective^ joined to all side surfaces of the 
column 10 so as to extend along the continuous direc- 
tion, that is the vertical direction of the column 10. The 
top and bottom ends of the reinforcing sheet C6 are 
joined by the fixing anchors D4. 25 
[0054] As shouvn in Rgure 5. the fixing anchor D4 
comprises a large amount of reinforcing fiber F such as 
C.R, A.R, G.F.. The center part of the fixing anchor is 
bundled with some crip or the like but both ends are free 
of bundles and can be ^read. 30 
[0055] After the fixing anchor D4 is inpregnated 
with resin adhesives or the like, the anchor is inserted 
into the hole. And the both ends are respectively spread 
just like Rg.8. After curing, the reinforcing fiber sheet C6 
is applied onto the column 1 0 with the ends of the rein- 35 
forcing sheet cver-Iapped over the fixing anchor C6. In 
this way the upper reinforcing sheet C6 and the k>wer 
reinforcing sheet 06 are joined with the fixing anchor 
D4. 

[0056] Furthermore, fixing reinforcing members 22 40 
are superposed and attached so as to wrap around the 
column 1 0 at the portion where the reinforcing fiber f of 
the fixing anchor D4 and the reinforcing sheet C6 are 
superposed. This fixing reinforcing member 22 is made 
of material similar to the reinforcing sheet 06 and 45 
applied perpendicular to the reinforcing sheet 06. This 
fixing member works like stir-lap for confining the col- 
umn 10. other than fixing the joints. 
[0057] The effects similar to the effects obtained in 
the first example can be produced in the column 10 by so 
the above structure for reinforcing column 10 and the 
reinforcing method. 

[0058] Moreover. Rgure 8. used for explaining in 
the second example, shows that the reinforcing sheets 
06 are arranged and joined to only the column 1 0 on the ss 
left side. However, it is certainly possible to arrange and 
join similarly the reinforcing sheets 06 to the column on 
the right side. 



10059] Furthermore, the fixing reinforcing members 
20, 21 , and 22 comprising reinforcing fibers are used in 
the first to third example; however, a steel plate and the 
like may be used as the reinforcing memtiers 20, 21, 
and 22. In addition, if the reinforcing members 20. 21 , or 
22 IS not necessary. It Is possible to omit them. 

TFburth example: Relnforcennent of a beam joined with a 
fborj 

[P060] As shown in Rgure 9, the floor (being other 
concrete member) 12 is joined to the beam 11 in the 
upper side of the beam 11. 

[0061] In order to reinforce the beam 11 against 
shearing stress applied thereto, the reinforcing sheet 
(reinforcing mender) 07 is ananged and joined to the 
beam 11. The reinforcing sheet 07 comprfees reinforc- 
ing fibers, such as cartoon fibers, aramid fibers, glass 
f toers. and the like. The fiber alignment direction (corre- 
sponding to the weaving direction when the reinforcing 
fibers are in the form of a dc^) of the reinforcing sheet 
07 is applied in order to get the confining effect 
[0062] The reinforcing sheet 07 is attached so as to 
wrap the under suri^ce and both side surfaces of the 
beam 1 1 at under side of the floor 12 integrally joined to 
the beam 1 1 . Both edges of the reinforcing sheet 07 are 
joined by the fixing anchors D5 in tiie vicinity of the joint 
portion between the beam 1 1 and the floor 1 2. 
[0063] The fixing anchor D4 comprises a large 
amount of reinforcing fiber F such as O.F. A.F, the G.R. 
The center part of the fixing anchor is bundled with 
some crip or the like but both ends are free of bundles 
and can be spread. 

[0064] The groove (recess portion) 23 is formed in 
the floor 12 in the upper side of the beam 1 1 before the 
fixing anchor application. As shown in Rgure 9, after the 
resin adhesive inpregnation. the fixing anchor D5 is 
applied to the upper side of the beam 1 1 , and then the 
both ends are to be inserted into the holes 25 and 
respectively spread on to the side surfaces of the beam 
1 1 . The groove 23 is filled with hardening fillers, such as 
mortar, and the like after the fixing anchor application. 
Thereby, the fixing anchor D5 Is integrally joined to the 
beam 11. 

[0065] The penetration holes 25 passing through 
the ffoor 12 are formed to both skJes of the beam 1 1 . 
The unbundled portions at both ends of the fixing 
anchor D5 are inserted tiirough the penetration hole 25 
and led to the opposite side (namely under side) of the 
floor 12. Resin 26, and the like, is poured and filled into 
the penetiation hole 25. 

[0066] The reinforcing fiber f at botti ends of ttie fix- 
ing anchor D5 joined in the above manner are spread to 
ttie reinforcing sheet 07 attached to tiie surface of ttie 
beam 1 1 in the under skJe of flie ftoor 12. Then, these 
reinforcing fibers f and tiie reinforcing sheet 07 are 
attached using an adhesive. 

[0067] Bottt ends of the reinforcing sheet 07 



9 



15 



EP1 016767 A1 



16 



extending in the circumferential direction of the beam 1 1 
are joined, via the fixing anchor D5. The fbdng an^or 
05 and the reinforcing sheet C7 wrap around the beam 
11. 

[0068] In order to obtain the structure comprising 
the reinlbrced beam 1 1 . the groove 23 is formed in the 
floor 12 in the upper side of the beam 1 1 . and then the 
penetration holes 25 are formed in the floor 12. 
[0069] After that, the fixing anchor D5 is set in the 
groove 23. both ends of tiie fixing anchor D5 are 
inserted through tiie penetration holes 25 and 25, and 
led under the floor 12. Both ends of the fixing anchor D5 
are attached to both ends of tiie reinforcing sheet C7. 
Then a filler 16 is poured and filled in the penetration 
holes 25. Furtiiermore, the groove 23 is filled with a 
hardening filler 24. 

[0070] According to tiie reinforcing method and the 
reinforced structure of the beam 1 1 joined witii the floor 
12. the reinforcing sheet C7 having reinforcing effects in 
the drcumferentlal direction of the beam 1 1 is joined to 
the beam 1 1 t>y attaching both edges of the reinforcing 
sheet C7 to tiie fixing anchor D5 joined to the beam 1 1 . 
In this way. it is possible to securely join both ends of the 
reinforcing sheet C7 by using the fixing anchor P5. The 
peeling of the edges of the reinforcing sheet C7 can be 
prevented. In addition, the entire circumference of the 
beam 1 1 is wrapped with the reinforcing sheet C7 and 
the fixing anchor D5; therefore, it is also possible to 
exert reliably reinforcing effects on the beam 1 1 against 
shearing stress applied thereta 
[0071 ] Moreover, in this case the fixing anchor D5 is 



beam 11: therefore, the finished surface is flat When 
fadngs are an^anged and joined on the upper surface of 
the beam 1 1 . the finished size of the beam 1 1 does not 
increase, and the height of the floor does not increase. 
Fixing the fadngs does not require significant time. In 
addition, the grooves 23 are filled with a hardening filler 
24; tiierefore. the fixing anchors D5 comprising combis- 
tfole materials do not protrude from botii surfaces of the 
floor 12. Consequentiy, fire protecting performance of 
the structure should be of no problem. 
[0072] During a reinforcing construction, tiie only 
noise source of the construction comes from digging 
grooves 23 and drilling the penetration holes 25. iand 
the diameter thereof is smaller tiian tiie diameter of the 
conventional anchors, it is posstole to minimize the 
noise aiKl the vibration. Therefore, it is pos^lDle to easily 
adopt the structure for reinfordng the beam joined to the 
floor and the reinforcing mettiod to existing buildings. 
[0073] Furthermore, the reinfordng sheet C7 and 
the fixing anchor D5 are light; therefore, handling them 
during the e^^cuuon ss easy, and it is possli^e to 
decrease the labor imposed on the wort^ers. Moreover, 
heavy machineries like cranes are not necessary; there- 
fore, tiie construction can be smoothly performed even 
inside of existing building and the like. 
[0074] Moreover, the corners of the beam 11 and 



the penetration hole 25 where the reinfordng sheet C7 
and tiie fixing anchor D5 contact, may be chamfered in 
the fourth example. 

\p07Sl . The rdnfordng sheet C7 is securely joined 

5 by attaching both erKls of the fixing anchor D5 to botti 
edges of the reinfordng sheet C7 In the fourth example. 
However, as shown in Figure 1 0. it is possible to arrange 
the reinfordng sheet C8 (reinfordng menfoer) also on 
the upper surface of the beam 1 1 , and integrally join the 

10 reinfordng sheets C7 and C8. via tiie fixing anchors D6 
shown in Figure 5, instead of the fourth example. In tills 
case, a recess 27 extending along the axis of the beam 
1 1 is formed, instead of the grooves 23 (referring to Rg- 
ure 9). Then the reinfordng sheet C8 is arranged in the 

IS recess 27, tiien the recess 27 is f Died with a hardening 
f mer 24. The fixing anchors D8 are attached so that the 
center bundled portions 16 are positioned into tiie pen- 
etration holes 25. and the unbundled portions at both 
ends are spread and attached to the reinfordng sheets 

20 C7 and CS using an adhesive. Of course, the continuing 
recess 27 is not applied only to tiiis example shown in 
Rgure 10. The continuing recess 27 can be applied, 
instead of the grooves 23 positioned at a given interval. 
[0076] Moreover, the drcumference of the beam 1 1 

^5 ^ wrapped with tiie reinfordng sheet C7 and the fixing 
anchor D5 in the fourtii example. However, it is possible 
to use one set comprising two tiie fixing anchors D5' as 
shown in Rgure 3. for exanple. In this case, the fixing 
anchors D5' are respectively arranged at both ends of 

30 the groove 23. The bundled portion 15 is joined in the 
groove 23 (referring to Rgure 9). The unbundled por- 



led below, sinilariy to the fbdng anchor D5 (referring to 
Rgure 9). Moreover, in this case, it is also possible to 
35 form grooves in the floor 12 on both sides of the upper 
side of the beam 11. and join the fixing anchors D5' in 
the grooves. 

[0077] In addition, it is also possik)le to impregnate 
bundles of reinfordng fibers in an adhesive or resin in 

40 construction site. Furthermore, bundles of renfordng 
fbers may be appGed onto tiie beam 11 by ananging 
reinforcing fiber f in the penetration hole 25 and groove 
23 leaving the reinforcing fibers unbundled, filling the 
penetration hole 25 with a resin 26, filling the groove 23 

45 with a hardening fOler 24. thereby bundling a part of a 
plurality of reinfordng fibers in the fong'itudinal direction. 
In this manner. H is not necessary to make in advance 
tiie fixing anchors D5 and D6 comprising a plurality of 
bundled reinfordng f foers; therefore, a lower cost can be 

so adiieved. In addition, the number or length of tiie rein- 
fordng fibers can also be easily changed in construction 
site; therefore, the reinfordng construction can be more 
easily perform^. 

55 TApplication examples of the first to fourth examplesJ 

[0078] The structures in which the floor 12 is inte- 
grally formed on the upper suriace of tiie beam 1 1 were 
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explained in the first to fourth examples. These struc- 
tures can be applied when colunms intersecting beams 
or walls, and the like are reinforced. 
[0079] The floor 1 2 joined to the beam 11 , the beam 
1 1 joined to the column 10. and the wall 13 joined to the 
column 10 may be only one, three, or four. Moreover, 
the joint position between them Is not limited. The posi- 
tional relationships between the column 10 and the wall 
13, and the beam 1 1 and the floor 12 are not limited. For 
example, a positional relationship between the column 
10 and the wall 13 may be the positional relationship 
between the beam 1 1 and the floor 12 as shown in Rg- 
ures 4(b). (d). (f). and (g). In addition, when the stmc- 
ture for reinforcing a concrete member and the 
reinforcing method are applied to a part of a column, 
beam, wall, f bor, or the lite where another member Is 
not joined, effects similar to those obtained in the above 
examples can be obtained by wrapping the reinforcing 
sheet to the part of a column, beam, wall, floor, or the 
like, forming a groove or recess in its surface, and 
embedding the fixing anchor. 
[0080] Moreover, the column 10 and beam 11 are 
used in the structure for reinforcing a concrete member 
and the reinforcing method of the present invention In 
the first to fourth exanples. However, it is certainly pos- 
sible to use a bent, stacK or the like. In addition, in this 
case, whether the concrete member Is in a new or exist- 
ing construction does not matter. 

rpifth example: Shearing reinforcement of a walU 

[0061] As shown in Rgure 11. the reinforcing 
sheets C9 and CIO for reinforcing the wall 13 against 
shearing stress applied thereto are arranged and joined 
substantially to the whole wall 13. These reinforcing 
sheets C9 and CIO comprise reinforcing fibers, such as 
carbon fiber, aramid fiber, glass fiber, and the like. In 
order to obtain the reinforcing effects on the vertical 
direction (rdnfordng sheet C9), and the horizontal 
direction (reinforcing sheet CIO), the fiber alignment 
direction (corresponding to the weaving direction when 
the reinforcing fibers are in the form of a cloth) of the 
reinforcing sheets C9 and CIO is set. 
[0082] Not only whole the reinforcing sheet C9 is 
directly attached to the wall 13. but the edges of the 
reinforcing sheet C9 are joined to the column 10, beam 
11. and floor 12 surrounding the wall 13 by the fixing 
anchors D7. and to the wall 13. via the fixing anchors 
D8. 

[0083] As shown in Rgure 3, the fixing anchors D7 
and D8 comprise a large amount of reinforcing fiber f, 
such as carbon fibers, aramid fibers, glass fibers, and 
the like, and Is obtained by bundling the reinforcing fib- 
ers f at a bundled portion 15 on the proximal end part 
side using an adhesive or resin, for example. The rein- 
forcing fibers f are not bundled on the distal end part 
sida 

[0084] As shown In Rgure 1 1 , the fixing anchors D7 



are ent)edded into the column 10 and the beam 1 1 by 
pushing the txindled portion 15 into holes (not shown in 
the figure) formed in the column 10, the beam 11, and 
the floor 1 2 and filling the holes (not shown In the figure) 

5 with an adhesive, and the like. 

[0085] The reinfordng fibers f in the distal end part 
of the fixing anchors D7 joined in the above manner are 
respectively spread along the surfoce of the wall 13. 
The reinforcing sheet C9 is over-lapped to the reinforc- 

10 ing fibers f at the distal end parts. Then, these fixing 
anchors D7 and the reinforcing sheet C9 are adhered 
with an adhesive. 

[0086] Moreover, as shown In Rgure 12(a), the fix- 
ing anchor D8 is joined to the wall 13 by inserting the 

IS bundled portion 15 into a hole 28 formed in the wall 13 
and filling the hole 28 with an adhesive, and the like. As 
shown in Rgure 12(b), the reinfordng ftoers f in the dis- 
tal end part of the fixing anchor D8 are spread along the 
surface of the wan 13. Then, as shown in Rgure 12(c). 

20 the reinfordng sheet C9 covers the reinfordng f foers f at 
the c£stal end part and the flxing anchor D8 and the 
reinforcing sheet C9 are attached with an adhesive. 
[0087] Thereby, as shown In Rgure 1 1 , the reinforc- 
ing sheet C9 Is joined to the column 10. beam 1 1 . floor 

25 12. and wall 13. via the fixing anchors D7 and D8. Fur- 
thermore, the whole reinfordng sheet CIO having rein- 
fordng effects In the peipencGcular direction to the 
reinfordng direction of the reinforcing sheet C9, is 
applied to the surface of the reinfordng sheet C9 using 

30 an adhesive, or the like. 

[D088] According to the structure for reinforcing the 
wall 13 against shearing stress applied thereto and the 
reinforcing method, the reinforcing sheet C9 is joined to 
the column 10, beam 1 1. floor 12, and wall 13. via the 

35 fixing anchors D7 and D8. Thereby, it is possible to 
inprove the ductility and proof stress against shearing 
stress of the wall 13 by securely joining the reinforcing 
sheet C9 to the wall 13. In addition, even when the rein- 
forcing sheets C9 and CIO are applied on only one sur- 

40 iace of ttie wall 13, suffident reinfordng effects can be 
obtained. Therefore, it is possible to exert tiiese rein- 
fordng effects in places which have been difficult to rein- 
force, such as an elevator shaft, exterior wall, staircase, 
and ttie lika 

45 [0089] Moreover, during a reinfordng construction, 
the only source of the construction noise and the vibra- 
tion is just ttie drilling the holes 28. and the holes 28 
have a smaller diameter ttian ttie diameter of the con- 
ventional anchors, it is possible to minimize the noise 

so and tiie vibration. Therefore, it is possit)le to easily 
adopt the structure for reinfordng a wall and the rein- 
fordng method to existing buildings. There remains no 
protrusion at the surface of tiie reinforcing sheets C9 
and CIO. Rxing ttie icings does not require significant 

55 time. 
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rsbcth example: Anotha- example of a shearing rein-. 
ftvcementofawalLI 

[0090] Only the reinfDrcing sheet C9 directly 
attached to the wall 1 3 is joined by the fixing anchors D7 
and D8 in the fifth exampla In contrast both reinforcing 
sheets C9 and C1 0 are joined by the fixing anchors D7 
ami D8 in the following sixth ejsmple. 
[0091] As shown in Figure 13» the reinforcing 
sheets C9 and CIO for reinforcing the wall 13 against 
shearing stress applied thereto are arranged and joined 
substantially to the whole wall 13. 
[0092] The edges of both the reinforcing sheets 09 
and 01 0 are joined to the column 1 0, beam 1 1 . and floor 
1 2 surrounding the wall 1 3, by the fixing anchors D7 and 
D9. In addition, tiie reinfbrdng sheets 09 and 01 0 are 
joined to the wall 13 by the fixing anchors D8 and D10. 
[0093] In order to obtain the structure, the bundled 
portions 15 of tiie fixing anchors D7 and D8 for joining 
the reinforcing sheet 09 are respectively joined to the 
column 1 0. beam 1 1 , floor 1 2, and wall 1 3. The reinforc- 
ing sheet 09 is attached to the wall 13 by attaching to 
the sur^ce of tine wall 13 and joining to the reinforcing 
fibers f of the fixing anchors D7 and D8. Then, the bun- 
dled portions 15 of the fixing anchors D9 are joined in 
the holes (not shown in the figure) embedded in tiie col- 
umn 10, beam 11, and floor 12. The holes (not shown in 
the figure) are formed on tiie wall 13 by penetrating the 
reinforcing sheet 09. The bundled portion 15 of tiie fix- 
ing anchor DIG is joined in the hole (not shown in the 
figure). The reinforcing fibers f at the unbundled portion 
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face of the reinfbrdng sheet 09. Then, tiie reinfordng 
sheet 010 is attached to the reinfbrdng fibers f using an 
adhesive and tiie like. 

[0094] Thereby, not only the reinforcing sheet 09, 
but ttie reinforcing sheet 01 0 applied on the reinforcing 
sheet 09 is joined, via the fixing anchors D9 and D10. 
[0095] According to this structure for reinfbrdng the 
wall 13 against shearing stress applied tiiereto. and the 
reinforcing method, not only the reinfbrdng sheet 09, 
but the reinfbrdng sheet 010, having reinfordng effects 
against shearing stress in the direction perpendiculcir to 
the reinfordng direction of tiie reinfordng sheet 09, is 
securely joined to ttie wall 13. Therefore, more notable 
effects can be obtained in ttiis example tiian the effects 
obtained in the f iftti exanples. 

TSeventh exanple: Bending reinforcement of a f loorJ 

[0096] As shown in Figure 14. tiie reinfordng 
sheets 01 1 and 012 for reinfbrdng the floor 12 against 
bending stress appiled thereto are arranged and joined 
substantially to the whole under surface of the floor 12, 
for exanple. 

[0097] Not only does tiie whole reinforcing sheet 
Oil directly adhere to the floor 12, but the edges 
thereof are joined to tiie beam 1 1 surrounding the floor 



12 by the fixing anchors D1 1 , and to tiie floor 12 by tiie 
fixing andiors D12. 

[9098] The fixing anchor D1 1 is joined l>y inserting 
ttie bundled portion 15 into a hole (not shown In the fig- 

5 ure) formed in the beam 1 1 and filling the hole (not 
shown in the figure) with an adhesive, and the Gke. 
[0099] The fixing anchor D12 joined to tiie floor 
12 by inserting the bundled portion 15 into a hole (not 
shown in the figure) formed in tiie floor 12 and f Qling the 

10 hde (not shown In tiie figure) with an adhesive, and the 

[91 00] The reinfbrdng fibers f in the distal end part 
of tiie fixing anchors D11 arxJ D12 joined in the above 
manner, are spread along the surface of ttie floor 12. 

IS The reinforcing sheet 01 1 covers the r^nfordng f bers f 
at the distal end part Then, tiiese fixing anchors D1 1 
and D12 and the reinfbrdng sheet Oil are attached 
witii an adhesive, and the like. 
[9101] The whole reinfordng sheet 012 having rein- 

2o forcing effects in the direction perpendicular to the rein- 
fordng direction of the reinfordng sheet Oil, is 
attached to the reinfordng sheet 01 1 using an adhe- 
sive, and the like. 

[9102] According to the structure for reinfordng the 
25 floor 12 against bending stress applied tiiereto, it is pos- 
sible to inprove the ductility and proof stress against 
bending stress of tiie floor 12 by securely joining tiie 
reinforcing sheet 01 1 to the floor 12. In addition, regard- 
ing to the effects during construction, tiie effects similar 
30 to those obtained in the fiftii or sixBi example can be 
obtained in this example. 

|Gi03j mOi'eOVei', u'le t'cMi'iiui'di'i^ di'ie^iS 09 lO 012 

are arranged and joined so as to otitain the reinfordng 
effects in the horizontal and vertical directions in the fifth 

35 to seventh exanples. However, it is certainly possible to 
arrange and join each of the reinforcing sheets 09 and 
Oil and the r^nfordng sheets 010 and 012 so as to 
ot>tain the reinforcing effects in only the horizontal direc- 
tion or only the vertical direction. As far as reinfordng 

40 effects can be exerted in a desired direction, tiie fiber 
alignment direction may take any direction, such as a 
horizontal direction, vertical direction, diagonal direc- 
tion, and the like. In addition, the fiber alignment direc- 
tions of the reinfordng sheets 09* and 010*. as shown in 

45 Figure 15. may be changed. Of course, the number of 
tiie superposed reinforcing sheet is not limited. 

TEighth exanple: Shearing reinforcement of a wallj 

so [0104] As shown in Figure 16, the reinfordng 
sheets 013 and 014 for reinforcing the wall 13 against 
shearing stress applied thereto are superimposed, and 
attacried substantially to the wtioie wall 13. mese reir> 
forcing sheets 013 and 014 comprise reinfbrdng fibers 

55 such as cait>on f foers, and the like, which are aligned at 
a direction (in the figure, a oblique line shows a align- 
ment direction of the reinfordng f bers). The reinfordng 
sheets 013 and 014 are arranged so ttiat tiie fiber 
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alignment dir^ons thereof are ot)lique and inter- 
sected. An angle e between the fiber alignment direc- 
tions of the relntordng sheets C 1 3 and CI 4 may be in 0^ 
< <90«*; however, preferably within 45^. 
[0105] Not only does the whole reinforcing sheet 
C13 directly adheres to the wall 13. but the edges 
thereof are joined to the column 10. beam 1 1. and wall 
12 surrounding the wall 13 by the fixing anchors D13. 
[0106] The fixing anchor D13 comprises a large 
number of reinforcing fibers t such as cartoon fft>ers. 
and the like, and is obtained by fcxindling the reinforcing 
fbers at a bundled portion 15 on the proximal end part 
side using an adhesive or resin, for exanple. The rein- 
forcing fibers f are not iHindled on the distal end part 
side. 

[0107] The fixing anchors D13 are joined to the col- 
umn 10. beam 11. and floor 12 by inserting the bur^Jled 
portion 15 into holes (not shown in flie figure) formed in 
ttie column 10, beam 11, and floor 12, and fHfing tiie 
holes (not shown In the figure) with a resin, and the like. 
[0108] The reinforcing fbers f in the distal end part 
of the fixing anchor D13 which is joined in the above 
manner are spread along tiie surface of tine wail 1 3. The 
reinforcing sheet CI 3 covers the reinforcing fibers f at 
the distal end part The renforcing sheet C1 3 covers the 
reinforcing fibers f at the distal end part. Then, tiie fixing 
anchors D13 and tiie reinforcing sheet C13 are adhered 
witii a resin. 

[0109] Thereby, tiie reinforcing sheet C13 is joined 
to tiie column 1 0, beam 1 1 , f toor 1 2, and walM 3, via tiie 
fixing anchors D13. 

[01 1 0] Moreover, on tiie whole upper surface of tiie 
reinforcing sheet CI 3, tiie reinforcing sheet CI 4 having 
reinforcing effects in the oblique direction intersected 
witii the reinforcing direction of the r^nforcing sheet 
CIS is attached using an adhesive, and the like. 
[0111] Furthermore, on the upper surface of tiie 
reinforcing sheet C14. stiffeners 30 such as mortar, and 
the like are coated or piled so as to have a tiiickness. 
and are integrally Jointed to tiie reinforcing sheet CI 4. 
[01 1 2] According to tiie structure for reinfordng the 
wall 1 3 against shearing stress applied thereto, ttie rein^ 
forcing sheets CI 3 and CI 4 of which the fiber alignment 
directions are oblique and intersected, are joined to tiie 
surface of tiie wall 13. Therek>y. tiie reinforcing sheets 
C13 and CI 4 having oblique fiber alignment directions 
exert functions similar to tiiose of a brace. The ductility 
and proof stress against shearing stress of the wall 13 
can be improved. Therefore, the eartiiquake resistance 
of buildings can be improved. In addition, even when tiie 
reinforcing sheets C13 and C14 are arranged and 
joined on only one surface of tiie wall 13, sufficient 
effects can be obtained. Therefore, it is possible to rein^ 
force in the places which have been difficult to reinforce 
such as an elevator shaft, exterior wall, staircase, and 
the like 

[01 1 3] The construction can be easily performed by 
using the reinfordng sheets CI 3 and CI 4 comprising 



reinfordng fibers. The materials are light, and therefore, 
the labor imposed on the workers Is also light Jacks are 
not necessary As a resutt. the construction periods and 
the cost can be decreased. 
5 [0114] The reinfordng sheets C13 and C14 are 
tiiin; therefore, tiie thickness of tiie wall does not 
increase after tiie construction. The decrease of tiie 
size of a room can be prevented. 
[0115] The reinforcing sheets CI 3 and C14 com- 
10 prise reinfordng f foers, and tiiey are ectremely light It is 
possible to mininnze tiie weight increase of the structure 
after reinforcement. Therefore, reinfordng effects do not 
substantially decrease due to a weight increase by tiie 
reinforcement, and tiie reinfordng effects can be effec- 
ts tively exerted. 

[0116] The reinforcing sheet C13 is joined to tiie 
column 1 0, beam 1 1 . floor 1 2, and wall 1 3. via tiie fixing 
anchors D13. Thereby, the reinfordng sheet CI 3 to tiie 
wall 1 3 can be securely joined. 
20 [0117] During the hde for tiie fixing anchor is the 
only source of tiie noise and the vibration, and also tiie 
hdes are smaller than tiiose of tiie conventional steel 
anchors, we can minimize tiie constinction noise and 
vibration. Therefore, tiie reinfordng metiiod can be eas- 
25 ily adopted easily to existing buildings. There remair^ 
no protrusion at tiie surface of tiie ranforcing sheets 
C13 and C14. after tiie reinfordng sheets C13 and C14 
are ananged and joined. Fodng tiie fadngs on tiie rein- 
fordng sheets CI 3 and CI 4 does not require significant 
30 time. 

[01 18] In addition, in order to improve the stiffness 
of the reinforcing sheets C13 and C14. tiie stiffener 30 
such as mc»tar and the like is Integrally joined to tiie sur- 
face of tiie reinfordng sheets C13 and C14. Thereby. 
35 tiie effective thickness of tiie reinforcing sheets CI 3 and 
CI 4 increases. 

[01 1 9] The horizontal stress bearing capacity of the 
cait>on fiber sheet Is shown by the following fbnmila: 



40 



45 



50 



AQ = (h •cose + L«sin)*tcf* acf - cosO 
wherein 

L denotes the width of tiie reinfordng sheets CI 3 
and C14. 

h denotes tiie height of tiie reinfordng sheets CI 3 
and C14, 

t c f denotes tiie total tiiickness of tiie caibon fiber 
sheet in a direction, and 

a c f denotes the effective sfrength of the carbon 
fber sheet. 



[0120] When the stiffener 30 is used, the effective 
tiiidciess (total tiiickness) of tiie reinfordng sheets CI 3 
55 and CI 4 is increased, and tiie effective strengtii (stiff- 
ness) of tiie reinfordng sheets C13 and C14 can be 
improved. Therefore, brace effects, tiiat is. the reinforc- 
ing effects to tiie wall 13. can be increased. 
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rNinth example: Bending reinlbrcement of a flood 

[01211 As shown in Figure 17, the reinforcing 
sheets C15 and C16 for reinforcing the floor 12 (a con- 
crete member in the form of a plate) against bending 
stress applied thereto are arranged and joined substan- 
tially ever the entire under surfece of the floor 12. for 
example. 

[0122] Both of these reinforcing sheets CI 5 and 
CI 6 comprise reinforcing fS>ers such as cart)on fibers, 
and the like, which are aligned at a direction (In the f^- 
ure, a oblique line shows an alignment direction of the 
reinforcing ffoers). The reinforcing sheets CI 5 and C16 
are arranged so that their fiber alignment directions are 
otslique and intersected. An angle 6 between the fiber 
alignment directions of the reinforcing sheets CI 5 and 
C16 may be In 0« < e < 90». preferably within 6 ^ 45^. 
[0123] Not only is the whole reinforcing sheet CIS 
directly attached to the floor 12, but the edges of the 
reinforcing sheet C15 are joined to the beam 11 sur- 
rounding the floor 12 by the fixing anchors D1 4. 
[0124] The fixing anchor D1 4 Is joined to the beam 
11 by inserting the bundled portion 15 into holes (not 
shown In the figure) formed in the beam 11, and filling 
the holes (not shown in the figure) with an adhere, and 
the lite. 

[0125] The reinforcing f bers f in the distal end part 
of the fixing anchor D14 joined in the above manner, are 
spread along the surfoce of the floor 12. The reinforcing 
sheet CI 5 covers the reinforcing fitters f at the distal end 
part. Then, the fixing anchors D14 and the reinforcing 
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[0126] On the upper surface of the reinforcing sheet 
C15. the entire reinforcing sheet C16 having reinforcing 
effects in the direction perpendicular to the reinforcing 
direction of the reinforcing sheet CI 5, is attached using 
an adhesive, and the like. 

[01 27] According to the structure for reinforcing the 
floor 12 against bending stress applied thereto, the rein- 
forcing sheet CI 5 can be securely joined to the floor 1 2. 
The reinforcing sheets CIS and CI 6 exert the functions 
similar to those of a brace. The ductility and proof stress 
against bending stress of the floor 12 can be improved. 
Regarding to the effects during construction, the effects 
similar to the effects obtained in the eighth exanple, can 
be obtained In this example. 

[0128] Moreover, two reinforcing sheets CIS and 
CI 4. and C15 and CI 6 are superimposed in the eighth 
and ninth examples. However, only one reinforcing 
sheet may be used, or three or more reinforcing sheets 
may be superimposed, depending on desired reinforc- 
ing effects. 

[Gi29j In duuition. only the reinfoiCing sheets CIS 
and CIS are joined by the fixing anchors D13 and D14. 
and the rdnfordng sheets C14 and CI 6 are attached to 
the reinforcing sheets CIS and CIS in the eighth and 
ninth examples. However, the fixing anchors D13 and 
D14 may be used to join the edges of the reinforcing 



sheets C14 and C16. 

[01 SO] Of course, the superimposing order (top and 
bottom relationship) of these reinforcing sheets CIS to 
CI 6, and the fixing anchors D13 and 14 Is not limited. 

5 but can be random. 

[0131] Moreover, the flxing anchors D1S and D14 
. are joined perpendicularly to the column 10, beam 11, 
and floor 12; however, they may be joined obliquely to 
them, as shown in Figure 18. When the fixing anchors 

10 D1 3 and D1 4 are joined bt^tquely to them and the fbdng 
anchors D13 are arranged aiKl joined so as to ccMre- 
spond to the fiber alignment direction of the reinforcing 
^eets CIS and CI 4, it is posst^e to more effectively 
join both encte of the reinforcing sheets CIS and C14 in 

75 the fiber alignment direction. 

[0132] The flxing anchors D1S and D14 are joined 
to the column 10, beam 1 1 , and floor 12; however, it is 
not necessary to join the fixing anchors D1S and D14 to 
all of them. The fixing anchors D1S and D14 may be 

20 joined to at least one member selected from thent 
[01 33] Furthermore, in so far as the tensile strength 
of the reinforcing sheets CIS and C14 in the fiber align- 
ment direction can be transmitted to the surrounding 
column 10, beam 11, and ftoor 12, the edges of the rein- 

25 fordrig sheets CIS and C14 may be pressed by steel 
members, such as an angle bar. flat bar. and the like, 
instead of the f bdng anchors D13. Then, the steel mem- 
bers may be joined to the surrounding column 1 0, beam 
1 1 . and floor 12 by anchors made of metals. 

30 [0134] Mortar is used as the stiff ener 30, and is 
coated or piled to the surface of the reinfordng sheets 

CI 4 oi'iu CIG ou lO nave a I'equii cu u'liOki'ie^a^. Huw- 

&ter, after mortar is coated or piled to the surface of the 
wall IS. the reinforcing sheets CIS to C16 may be 

35 attached to mortar. In particular, when there are fadngs 
comprising the mortar layer on the wall 13 are in exist- 
ing bukiings, it is possitrie to attach the reinfordng 
sheets CIS to CI 6 thereto, and the mortar layer func- 
tions as the stiffener 30. Furthermore, a concrete plate. 

40 iron plate, and the like can be used as the stiffener SO, 
instead of mortar. When the reinfordng sheets C13 to 
C16 comprise caitx>n fibers, in general. PAN sheets 
having elasticity can be used as carbon fitters. Pitch 
carbon fiber sheet having a large Young's modulus is 

45 superimposed and attached to the reinforcing sheets 
CIS to CIS, as the stiffener SO. Of course, the stiffener 
so can be omitted. 

[01 35] The concrete members applied to the struc- 
ture for reinforcing a concrete member and the reinforc- 

50 ing method of the present invention, are not limited to 
the f bor and wall, as explained in thef ifth to ninth exam- 
ples. Whether the concrete member is in a new or exist- 
ing consuucUon does not matter. For exampie, the 
structure for reinfordng a concrete menrtber and the 

55 reinforcing method of the present invention can adopt 
concrete molded products, such as a culvert, and the 
Gke. In addition to culvert, it is possible to adopt the 
structure and the reinfordng method of the present 
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invention to concrete members in the tbnn of curved 
surfaces, such as the inside surface of a tunnel, and the 
lite. Consequently, the occurrence of cracks can be pre- 
vented. 

rother examples] 

[01 36] The reinforcing fibers at the distal end part of 
the fixing anchors D1 to D14 are not bundled in the first 
to ninth exanples. However, in order to prevent catching 
and breaking of the reinforcing fibers f during the con- 
structions, the reinfordng fibers at the distal end part of 
the fixing anchors D1 to D14 may be wrapped with a 
cellophane, and the lite. 

[0137] The fixing anchors D1 to. D14 comprise a 
large number of the bundled reinforcing fibers f which 
are nrade by making the bundled portion 15 or 16. The 
cross-sectional shape of the bundled portion 15 or 16 
may be any shapes, such as a rectangle, triangle, 
ellipse, elongated shape with circular ends, C-shaped. 
cross-shaped, polygon, inegular shape, as shown in 
Figure 20, in addition to a circle. 
[0138] Moreover, as shown in Rgures 21(a) to (d), 
in order to securely join the fixing anchors D1 to D14, 
convex portions 32 or knobs 33 may be formed at the 
bundled portions 15 and 16. Of course, ttie shape, posi- 
tion, number, and tiie lite of ttie convex portion 32 or 
knob 33 are not limited As shown in Rgure 21 (e). a 
screw portion 34 may be formed on the circumference 
at tiie end of tiie bundled portion 15, and a nut and the 
like may be driven In the screw portion 34. 
[0139] Furthermore, as shown in Rgure 22, it is 
possible to hammer a concrete anchor plug 35 into tiie 
hole 28. filling tiie taper intemal thread portion 36 
formed in the anchor plug 35 witii epoxy resin and tiie 
lite, push and join ttie fixing anchors D1 to D14. In tiiis 
case, contact effects can be exerted due to increase in 
the contact area by the internal tiiread portion 36. 
Thereby, the Joining strength of the fixing anchors D1 to 
D1 4 can be improved. 

[0140] As shown in Rgure 23, the fixing anchors D1 
to D14 may be joined in tiie hole 28* positioned at an 
angle to the joining surface of the reinforcing sheets CI 
to CI 6, for example, approximately 5* to 45*. Thereby, 
the joining strength of tiie fixing anchors D1 to D14 can 
also be improved. 

[0141] As shown In Rgure 24, the bundled portion 
15 of the fixing anchors D1 to D14 can be bundled by 
fasteners 50, 51 . and 52 in tiie form of a tube, or a ring, 
in addition to above embodiments. When the fasteners 
50, 51 . and 52 are used, tfie joining strengtii of the fixing 
anchors D1 to D14 can be increased. In addition, the 
fasteners 50, 51. and 52 can be easily joined. Of 
course, tfie shape of tfie fasteners 50, 51 , and 52 is not 
limited to the shape shown in Figure 24. 
[0142] In addition, it is also possible to impregnate 
bundles reinforcing f bers f in an adhesive or resin and 
bundle ttiem at tiie construction site. Furthermore, it is 



possSsIe to burKlle in advance bundles of reinfordr^ fib- 
ers f only at the end using a resin and the lite, and 
impregnate a required portion having a lengfli into a 
resin and tiie lite in constru^on site. Then, it is possible 
5 to change tiie lengtti of tiie bundled portion 1 5 depend- 
ing on the deptii of tiie hole for joining tiie fixing anchors 
D1 to D14. 

[0143] A part of t)undles reinforcing f 3>ers in tiie lon- 
gitudinal direction may be bundled and joined by arrang- 
10 ing ttie reinforcing fibers f in the hole leaving ttie 
reinforcing fibers unbundled, and filling the hole with a 
hardening filler. 

[0144] As shown in Rgure 25, the fixing anchor D15 
is joined by bending a large amount of reinforcing fibers 
IS f at the center portion in ttie longitudinal direction, 
inserting the center portion Into the hole 55 formed in 
tiie under surface of the floor 12. for exanple, and filling 
tiie hole 55 witii hardening fillers, such as an adhesive 
56. Thereby, the fixing anchor D15 can be bundled in a 
20 part of tiie reinforcing fiber f in the tongitudinal direction 
using an adhesive 56 and tfie lite, while tiie fixing 
anchor D1 5 can be joined in the hole 55. 
[014$] In order to reinforce using the fixing anchor 
D15. as shown in Rgure 26(a), tiie hole 55 is fonried at 
25 a required position on tfie under surface of the floor 12. 
for example. Then, as shown in Rgure 26(b), tiie adhe- 
sive 56 is poured in ttie hole 55. As shown in Rgure 
26(c), a required number of reinforcing fibers f are car- 
ried while supporting at a center portion of ttie reinforc- 
30 ing fibers f in tfie longitudinal direction by the rod 57 
having a V-shape end. As shown in Rgure 26(d). the rod 
57 carrying the reinforcing f bers f is inserted into tfie 
hole 55. and then only the rod 57 is pulled down. As 
shown in Rgure 26(e). the center portion of the reinforc- 
es ing fibers f in the longitudinal direction which is pushed 
into tfie hole 55, is joined into the hole 55 due to harden- 
ing of tiie adhesive 56 in tiie hole 55. Thereby, tfie fixing 
anchor D15 is joined into the hole 55. After tiiat as 
shown in Figure 25, the oonstiuction is finished by 
40 spreading tfie fixing anchor D1 5 along tfie side surface 
of tfie beam 1 1 , and attaching the reinforcing sheet CI 
to C 16 thereon. 

[0146] When tfie fixing anchor D15 is used, as 
explained in the above examples, K is not necessary to 

45 mate in advance the fixing anchor conprising a plurality 
of bundled reinforcing f bers; therefore, a lower cost can 
be achieved. In addition, the number or lengtii of the 
reinforcing fibers can also be easily changed at tfie con- 
struction site; therefore, the reinforcing construction can 

so be more easily performed. Of course, it is possible to 
adopt the f ixing anchor D1 5 to any object, such as a col- 
umn 10. beam 1 1 . wall 13, and the like, in addition to tfie 
floor 12. 

[0147] Moreover, the reinforcing sheets CI to CI 6 
55 and the fixing anchors D1 to 15 are attached by an 
adhesive, and the lite in the first to nintti examples; 
however, any material can be used in so far as tfie 
required fixing stf-engUi can be exerted. Whetfier tfie 
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material is organic or inorgardc does not matter. In addi- 
tion, another joint method can be adopted* in addition to 
an adhesion. 

[0148] Regarding to the material comprising the 
reinforcing sheets CI to C16 and the fixing anchors D1 
to D15, other materials can be adopted, in addition to 
cartoon iJbecs, aramld fibers, glass f bars, as explained 
atxjve. 

[0149] Regarding to the reinforcing sheets CI to 
C16. in so far as the reinforcing effects can be ex^ed 
in the required direction, the fber alignment diracGon 
(corresponding to the weaving direction when the rein- 
forcing fibers are in the form of a doth) thereof is not lim- 
ited to the vertical direction, horizontal direction, and 
oblique direction. In addition, the superimposed number 
of the reinfordng sheets 01 to C16 is also not limited. 
[0150] Steel plate, FRP (fa>er reinforced plastics), 
and the like, can be used as the reinfordng sheets CI to 
C16. 

[0151] Ihe method of spreading the reinforcing fb- 
ers f at the unbundled portion of tiie fixing anchors D1 to 
D1 5 is random. The reinfordng fibers f may be spread in 
any direction, such as one direction, two directions, four 
directions, or all directions. Any spreading metiiod can 
be adopted. For exanple, the reinfordng f bers f can be 
spread so as to be shaped like a fan. Furtiiermore. 
when ttie bundled portions 15 and 16 of the fixing 
anchors D1 to D15 are Joined perpendiculariy to the sur- 
face of tiie concrete member, for example, tiie reinforc- 
ing fibers f at the unbundled portion can be spread as 
shown in Rgures 27 (a) to (d). 

r**^»p#*i xz.^^^ 1 I ( X Ai 

with the member shown in Rgure 20. Moreover, for 
exanple, as shown in Rgure 28, it is possible to com- 
bine the fixing anchor having a cross-sectional shape 
in tile form of a substantial C shape and a bundle 45 
(unbundled) comprising a large amount of reinforcing 
fibers f. In this case, as shown in Rgure 28(a). tiie fixing 
anchor D* is joined in tiie hole 46 formed in tiie column 
10, beam 11, floor 12, and the like. Then, as shown in 
Rgure 28(b). a bundle 45 (unbundled) comprising a 
large amount of reinforcing fibers f is inserted into the 
fixing anchor D* having a cross-sectional shape in the 
form of a substantial C shape. The fixing anchor D' and 
the bundle 45 are joined in tiie hole 46 by filling tiie hde 
46 witti an adhesive and the like. After that, as shown in 
Figure 28 (c). tiie reinforcing fibers f of the fixing anchor 
D' and tiie bundle 45 are spread, the reinforcing sheet 
C1 to C16 is attached thereto. 
[0153] In order to perform a pull-out test of the fixing 
anchors D1 to D15 joined in the atx>ve manner, as 
shown in Rgure 29 (a), the fixing anchor D1 to D15 is 
pushed Into the hole K fbrmed in the concrete Z, and the 
hole H is filled witti tiie resin J and tiie like for joining the 
fixing anchor D1 to D15. As shown in Rgure 29 (b), ttie 
pipe P is set on the surface of the concrete Z so tiiat tiie 
fixing anchor D1 to D15 is inside of tiie pipe P, and an 
expansive cement is poured in tiie pipe P; thereby, the 



fbdng anchor D1 to D15 and the pipe P are integrally 
joined. Then, a reaction stand B is set on the concrete 
Z, and a center hole type jack X is set on the reaction 
stand B. A nut N is driven in a screw portion formed at 

5 the end of the pipe P. Maintaining the conditions, the 
jack X is extended by a driving source Q. Thereby, the 
pidl-out test of the fixing anchor D1 to D1 5 is performed. 
[0154] ft is possible to peribrm tiie pull-out test of 
ttie fixing anchor D1 to D15 witiiout damage of the fixing 

10 anchor D1 to D15. 

Industrial Applicatnlity 

[0155] The structure for reinfordng a concrete 

IS member and tiie reinfordng method of tiie present 
invention can reinforce various kinds of a conaete 
member, such as column, b^m. wan, floor, and the like 
against the bending stress and shearing stress applied 
tiiereta The edges of the reinfordng menrU>er can be 

20 securely joined by joining the reinforcing member, via 
ttie fixing anchor. Therefore, it is possible to exert relia- 
bly tiie reinforcing effects to the concrete member. In 
addition, during tiie construction, tiie only source of the 
construction noise and vibration is ttie drilling the holes 

25 and /or recesses, you can minimize ttie noise and the 
vibration. Therefore, the construction can be easily per- 
formed. Moreover, it Is possible to adopt easily tiie 
structure for reinfordng a concrete member and the 
reinforcing metiiod of the present Invention to existing 

30 buildings. 

1 . A structure for reinforcing a concrete member char- 
35 acterized in that: 

a fixing anchor which comprises txjndles of 
reinfordng fiber such as carton fiber, aramid 
fiber, glass fiber, and the like, and a part of 

40 which is bundled and embedded into the sur- 

rounding concrete member and tiie untxindied 
end(s) is (are) spread and adhered orito the 
concrete member to be reinforced using resin 
adhesives; and 

45 a reinfordng member in ttie form of a plate or 

sheet is applied to the concrete member to be 
reinforced and the reinforcing member ends 
are joined to the surrounding concrete member 
via ttie above mentioned fixing anchor by over- 

50 lapping ttie fixing anchor ends and the reinforc- 

ing member ends. 

2. A structure for reinforcing a concrete mernber 
according to Claim 1. characterized in ttiat sakJ 

55 reinfordng memb^ is in ttie form of a sheet and 
comprises reinfordng fibers, such as cartx)n fibers, 
aramid fitters, glass fibers, and ttie like. 
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3. A structure for reinforcing a concrete member 
according to Claim 1 or 2. characterized in that said 
fixing anchor is arranged inside of a recess formed 
in the concrete member and the recess is filled with 
a hardening filler. 5 

4- A structure for reinforcing a concrete member 
according to one off Claims 1 to 3. characterized in 
thsti a fDdng reinfordng member is applied onto the 
over-lapped part of the reinfordng member and the io 
fixing anchor, perpendicularly to the fiber direction 
of the reinfordng member. 
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ing anchor in the recess, and fQUng the recess with 
a hardening filler. 

11- A reinfordng method according to Gaim 9 or 10, 
characterized in that a part of bundles of reinforcing 
f ber is bundled as said fixing anchor by Inserting a 
part of the reinfordng f foers into the hole or recess, 
and filling the hole or recess with a hardening filler. 



5. A structure for reinfordr^ a concrete member 
according to one of Claims 1 to 4. characterized in is 
that said reinfordng member is applied and joined 
along the continuous direction of the concrete 
member. 



6. A structure for reinfordng a concrete meniber 20 
according to one of Claims 1 to 4, characterized in 
that said reinfordng member is applied and joined 
along the drcumferential direction of the concrete 
member. 

25 

7. A structure for reinfordng a concrete member 
according to one of Claims 1 to 4, characterized in 
that said reinfordng member is applied and joined 
along the concrete member in the form of a plane or 
curved surface. 30 



8. A structure for reinfordng a concrete member 
according to one of Claims 1 to 4, characterized in 
that said reinforcing member comprises reinfordng 
fibers aligned in a given direction, and is joined to 35 
the suriace of the concrete member so that the rein- 
fordng fibers are aligned at an angle to the con- 
crete member. 

9. A reinfordng method off a concrete member com- 40 
prising the steps of: 

Joining a fixing anchor conprising bundles of 
reinforcing fiber such as carbon fiber, aramid 
fiber, glass fber, and the like in a hole or recess 45 
formed in the concrete member or the other 
concrete member surrounding the concrete 
member, while applying a reinforcing meml>er 
in the form of a plate or a sheet on the surfece 
of the concrete mender, and so 
superposing and adhering the edges of the 
reinforcing meniber to the end portion of the 
fixing anchor with adhesives. 

10. A reinfordng method according to Claim 9. charac- ss 
terized in that a part of the fixing anchor is embed- 
ded in a recess by forming the recess at the surface 

of the concrete member, inserting the part of the f ix- 
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Fig. 1 
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Fig. 10 
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Fig. 14 
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Fig. 1 5 
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Fig. 17 
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Fig. 19 
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Fig. 24 
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Fig. 27 
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